During Ocean Drilling Program Leg 102, the Schlumberger natural gamma-ray spectrometry tool measured high potassium levels in one interval of DSDP Hole 418A basalts. Samples from that hole were examined by X-ray diffraction, SEM, and EDS analyses in order to identify mineral species responsible for the high readings. The results indicate that high K readings observed on wireline logs run in basement can be attributed to extensive low-temperature oxidative alteration resulting in formation of palagonite and K-rich clays (celadonite, potassic nontronite, and mixed-layer celadonite/nontronite). Where these readings are accompanied by high porosity, low density, and low velocity readings, a breccia with a once-glassy matrix, now altered to K-rich clay, may be inferred. Where porosity, density, and velocity readings indicate no breccia, high K readings may be attributed to potassium feldspar, an indicator of a second stage of oxidative alteration. In either case, there is a significant contribution to the K readings from palagonite.
INTRODUCTION
During Ocean Drilling Program (ODP) Leg 102, the Schlumberger natural gamma-ray spectrometry tool (NGT) was run through open hole between 464 and 789 m below seafloor (mbsf) as part of the conventional logging of Deep Dea Drilling Project (DSDP) Hole 418A. The NGT is designed to detect potassium levels between 0% and 10%, thorium up to 40 ppm, and uranium up to 30 ppm. High levels of potassium (K), from 0.3% to 1.5%, were detected from 460 to 515 mbsf . Even the minimum reading represents a 400% increase in K levels for these basalts. Potassium and water are the first components taken up by basalts during low-temperature submarine alteration, and levels increase with increasing degree of alteration (e.g., Hart, 1969; Seidemann, 1977; Staudigel et al., 1980b) . This is predominantly a low-temperature phenomenon (Muehlenbachs, 1980; Lawrence, 1980) . In Hole 418A, several K-rich phases formed as a result of submarine alteration, including palagonite, K-rich clay, potassium feldspar, and several zeolites (Pritchard, 1980; Humphris et al., 1980; Pertsev and Rusinov, 1980) . The current study was undertaken to correlate high K readings by the Schlumberger NGT with K-bearing phases in Hole 418A basalts using X-ray diffractometry (XRD) and scanning electron microscopy (SEM) in conjunction with an energy-dispersive X-ray spectrometer (EDS). This correlation could aid in interpretation of future NGT readings in basalts.
BASALTS OF DSDP HOLE 418A

General Description
An 868-m section, of which 544 m was in basement, was cored at DSDP Hole 418A during Legs 52 and 53 in early 1977.
The site is located on the M0 anomaly, on the southern flank of the Bermuda Rise ( Fig. 1) , only a few kilometers from DSDP Holes 417A and 417D. Before Hole 418A could be conventionally logged, the sonic velocity tool apparently became stuck in the hole. The cable was then severed and the reentry hole abandoned (Shipboard Scientific Parties, 1980) . The opportunity to return to the hole and log it did not recur until ODP Leg 102 in early 1985.
The 544 m of basalt drilled during DSDP Legs 52 and 53 were divided into 16 lithologic units ( Fig. 2 and Table 1 ) based on cooling characteristics and phenocryst content (Shipboard Scientific Parties, 1980) . Detailed descriptions of these units are published in DSDP Volumes 51, 52, and 53 , and only a brief summary is given in Table 1 and Figure 2 . The recovered rocks consist of pillow basalt and breccia (Units 5, 13, and 16), pillow basalts (Units/Subunits 1, 3, 6B, 7, 8A, 8C, and 11), breccia (Subunit 6A), massive basalts (Units/Subunits 2, 4, 8B, 9, 10, 12, and 14) , and basalt dikes (Unit 15). The basalts are sparsely to moderately phyric. Phenocryst assemblages are dominated by plagioclase and include olivine and clinopyroxene, with minor spinel (Subunits 6A and 6B only). Plagioclase phenocrysts make up 2% to 10% of the rock and olivine phenocrysts usually make up 1% to 3%. The basement lithologic units that were logged through open hole during ODP Leg 102 include the lower part of lithologic Unit 5 through the upper part of lithologic Subunit 14B (Fig. 2) . Basement lithologic Unit 5 and Subunit 6A gave high K readings on the NGT log ( Fig. 2) .
The basalts of Hole 418A are moderately altered throughout, although fresh glass and unaltered clinopyroxene phenocrysts can be found throughout the core. Humphris et al. (1980) estimated that alteration products do not exceed 20% of the recovered basalt. Smectite, calcite, and quartz are the most common secondary minerals, typically filling veins and vesicles or replacing glass (Shipboard Scientific Parties, 1980) . Much of the glass is altered to clay, and almost all of the olivine is replaced by clay (Pl. 1, Fig. 1 and are altered to clays and/or potassium feldspars along cleavage planes and at outer rims (Pl. 1, Fig. 3 ). Veins and vesicles are filled with carbonate, clay, or a combination of these (Pl. 1, Figs. 1 and 4 through 6) and may have zeolites present. Some secondary pyrite is observed in the groundmass, in veins (Shipboard Scientific Parties, 1980; Pertsev and Rusinov, 1980; Humphris et al., 1980) , and as replacement of olivine (Humphris et al., 1980) . Iron oxides have precipitated along many fractures (Pl. 1, Figs. 4 through 6) . Alteration intensity in Hole 418A does not vary significantly with depth (Shipboard Scientific Parties, 1980) , but two zones, lithologic Unit 5 and Subunit 6A, are more altered, as shown by the presence of potassium feldspar and abundant iron oxides-hydroxides (Humphris et al., 1980; Pertsev and Rusinov, 1980) . Oxygen-isotope analyses indicate that alteration occurred under low-temperature conditions. Scarfe (1980) reported 5 8 0 values of 17.1%o and 18.1%o in two clay samples from Hole 418A, which are indicative of low temperatures of formation. Isotopic analyses of basalts, carbonates, and a clay by Muehlenbachs (1980) indicate that basalts are enriched in 18 0 during alteration by cold seawater. Lawrence (1980) estimated temperatures of formation of carbonates in nearby Holes 417A and 417D of 14.6° to41.2°C.
Chemistry of Rocks and Minerals
In general, fresh basalts from this hole have chemical analyses similar to basalts produced at the modern Mid-Atlantic Ridge (Byerly and Sinton, 1980) , with the exception that potassium levels are low (Staudigel et al., 1980b) . The average K 2 0 level of 111 fresh-glass samples is 0.09%, with 91% of the samples having less than 0.12% (Byerly and Sinton, 1980) . Lithologic Unit 5 averages 0.08% K 2 0 in fresh glasses; no fresh glasses were obtained from lithologic Subunit 6A. In addition, the levels of K 2 0 in primary minerals from Hole 418A are very low. The K 2 0 levels in glassy inclusions in clinopyroxene phenocrysts range from 0.01% to 0.11%, whereas the host clinopyroxene has K 2 0 levels of less than 0.02% (Clocchiatti, 1980) . Staudigel et al. (1980a) and Humphris et al. (1980) detected no K 2 0 in olivine or clinopyroxene from Hole 418A. Plagioclase phenocrysts have K 2 0 contents ranging from 0.01% to 0.12% (Bollinger and Semet, 1980) . Alteration of basalts is marked by an increase in K 2 0 levels, as illustrated by measurements from whole-rock samples compared to those from fresh glass and unaltered phenocrysts. The average K 2 0 level measured on 152 whole-rock samples from Hole 418A was 0.156% , which is significantly higher (by F-test, C > 99.9%) than that measured for fresh glass by Byerly and Sinton (1980) . Levels of K 2 0 in wholerock samples (by laboratory analysis; vary from 0.02% to 2.28% depending on the degree of alteration in each lithologic unit (Fig. 3) . The highest levels were measured in lithologic Subunit 6A (average, 0.62%), followed by the pillow basalts and breccias of lithologic Unit 5 (average, 0.44%; maximum, 2.28%). Staudigel et al. (1980a) analyzed 24 glass/wholerock pairs from Hole 418A and noted a systematic increase in K, H 2 0, and Fe 2 0 3 /FeO levels in whole rock compared to glasses.
Secondary minerals that have high K levels include a K-rich clay mineral (termed "proto-celadonite" on Legs 51, 52, and 53), potassium feldspar, and the zeolites phillipsite and apophyllite (Pertsev and Rusinov, 1980) . Palagonite, also with an elevated K level, appears to be a microcrystalline smectite (Juteau et al., 1980) . Rusinov et al. (1980) and Juteau et al. (1980) reported K 2 0 levels in palagonite samples from Holes 417A and 417D that ranged from 0.04% to 4.08%. Potassium feldspars (all from DSDP Site 417) have an average of 16.2% K 2 0, slightly less than the ideal of 16.9% (Humphris et al., 1980) . Potassium feldspar can be found throughout the core, but is most abundant in lithologic Unit 5, Subunit 6A, and the uppermost part of Subunit 6B (Humphris et al., 1980; Pertsev and Rusinov, 1980) . Three chemical analyses of identified phillipsite have K 2 0 levels between 3.0% and 11.4% (Pertsev and Rusinov, 1980; Pritchard, 1980) . Two apophyllite samples show good agreement in K 2 0 level: 4.60% and 4.66% (Pertsev and Rusinov, 1980) .
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Lithologic unit Figure 3 . Average K 2 0 in whole-rock samples, DSDP Hole 418A; results of . Numbers above bars refer to number of samples analyzed in that interval.
Analcite has very low levels of K 2 0 (less than 0.09%; Mevel, 1980; Pritchard, 1980) . Many unspecified zeolites that were chemically analyzed may be any of these identified zeolites: low K 2 0 levels correspond to analcite or natrolite, moderate levels to apophyllite, and higher levels to phillipsite. Two major types of clay reported as alteration products are distinguishable in thin section and by chemistry: (1) green clays, which range in color from bright to dark green, are the most widespread alteration product and generally have moderate K 2 0 levels, from 4.79% to 7.55% (Table 2) , and (2) brown clays that replace olivine phenocrysts, line vesicles and veins, and partly replace some plagioclase phenocrysts. These brown clays are low in K 2 0, containing from 0.01% to 1.52% (Table 2) .
CURRENT STUDY Methods Clay material of different colors was hand-picked from 30 samples taken from DSDP Hole 418A core using an X-ACTO knife and dental tools. Samples were taken mainly from the interval that gave high K readings on the Schlumberger NGT log. Where possible, clay of a single color was scraped onto glass slides, mixed with distilled water, and allowed to air dry. Where physical separation was not possible, the clay material was scraped all together, or, in the case of breccia matrix, gently ground to a fine powder, and mounted on glass slides as above. These mounts were then X-rayed using Ni-filtered CuKa radiation (40 kV, 20 mA), and a scan speed of 0.05°/s (1) from 2° to 70° 20, untreated, and (2) from 2° to 30° 20 after treatment with ethylene glycol for more than 1 hr at 60°C. Thin sections were made from well-indurated samples. Some of the core samples and thin sections were polished, coated with gold, and mounted for SEM analysis on a JEOL T330 with accelerating voltage of 20 or 30 kV (noted on the micrographs). In addition, core samples, X-ray mounts, and thin sections were observed under a Cambridge SEM equipped with a Princeton Gamma-Tech EDS for standardless spectral analyses.
Results
In hand specimen, the most abundant alteration product within lithologic Unit 5 and Subunit 6A appears to be the dark green clay that fills veins and vesicles, forms the matrix of breccias, and coats altered basalt (pillow?) fragments. Palagonite is the second most abundant alteration product, followed by calcite, brown clay, potassium feldspar, zeolites, and bright green clay.
Clays
Diffraction results indicate that the dark green clay is composed of at least two expandable minerals (smectites) in most samples (Table 3 and (Fig. 4A-4D ). Five samples have another peak between 15.0 and 16.3 A. Most commonly, the (001) peaks of glycol-treated samples occur at 16.7 to 17.3 A and at 15.4 A (Fig. 5A-5D ). By comparing diffractograms with and without the sharp 12.8 A peak, it appears that one smectite has an approximately 13-A spacing that expands to approximately 15 A upon glycolation. The other smectite has an approximately 14.5-A peak, which expands to approximately 17 A upon glycolation. Sample 418A-45-2 shows regular interstratification by the presence of 19-and 37-A peaks for the glycol-treated sample (Fig. 5D) . Many of the glycol-treated samples give medium to weak (002), (003), and (005) peaks at 8.47 to 8.58, 5.54 to 5.62, and 3.35 to 3.37 A, respectively (Table 3 and Figs. 5A-5D ). The position of the (060) peak (1.51 to 1.53 A) indicates a dioctahedral and a trioctahedral mineral (Table 3) . There is no 10-A peak that would correspond to celadonite. A 3.09-A peak that corresponds to this mineral was noted in Sample 418A-31-2 (Fig. 4B) . When viewed with the SEM, the X-ray mounts of dark green clay (smectite) have unoriented, radiating masses of laths that combine in upward-projecting "hubs" (Pl. 2, Figs. 1 and 2 ). These lath-shaped minerals were seen in many fracture sections, and a representative spectral analysis indicates that this material is rich in Si and Fe, with less Mg, Al, and Ca (Pl. 2, Figs. 3 and  4) . Potassium was not detected in these laths. The laths are up to 68 fim long and often occur in radiating masses filling cavities of fracture sections (Pl. 3, Figs. 1 and 2) .
These radiating laths are seen often in thin section, filling veins, vesicles, and holes left by olivine dissolution (Pl. 3, Fig. 3 ). This mineral may be brown (usually in the center) to any shade of green. Individual laths are generally up to 5 pirn wide, have blunt or pointed terminations, and may be split to give a flaky appearance (Pl. 3, Figs. 4 and 5) . In larger cavities (in this case, probably a fracture) the terminations are altered to a new phase with a coarse, platy appearance (Pl. 3, Fig. 6 ). Similar material has been reported from deep-sea basalt and identified (by microprobe analysis) as iddingsite by Honnorez et al. (1983) . Iddingsite is an alteration product of saponite and consists of smectite in intimate mixture with goethite (Baker and Haggerty, 1967) .
Celadon-green clays were observed in thin section but never in great enough quantity to obtain a pure XRD mount (Pl. 1, Figs. 4 through 6) . Under the SEM these clays appear as tiny plates or flakes, generally 1 fim. or smaller. In Sample 418A-58-1, this same material appears to have replaced a partly resorbed olivine phenocryst (Pl. 4, Fig. 1) , with the flakes finest around the rim of the void and gradually becoming coarser (up to 5 fim) toward the core (Pl. 4, Figs. 2 and 3 ). Spectral analysis indicates that the fine material is high in K, Fe, and Mg (Pl. 4, Figs. 4 and 5) . The coarser-grained material at the center is slightly more enriched in MgO (by 4%), CaO (by 0.4%), and A1 2 0 3 (by 1%) and has 1% less K 2 0 and 4% less FeO* (oxidation state not determined). The structural formulas of the rim and core clays (as determined by standardless spectral analysis) are (K 0 . 485 5 )O 10 (OH) 2 core. These formulas correspond more closely to green than to brown clays (Table 2). The smaller flakes may be the "proto-celadonite" of Legs 51, 52, and 53. The formulas indicate that either these minerals have vacant trioctahedral positions, their interlayer spaces are occupied by Fe oxides-hydroxides, or some of the Mg and/or Fe may be on the exchange complex. A fracture partly bridged by laths passes through the core of a replaced phenocryst (Pl. 4, Fig. 4) . A re-examination of all "lathy" samples in thin section and under the SEM revealed that, in all cases, the laths have grown outward from the finer grained material lining the walls of veins, vesicles, and fractures in a continuum of growth.
Other Minerals
Analcite (Fig. 5E ) and potassium feldspar (Fig. 4E ) are present in several samples (Table 3) . Plagioclase feldspar was observed in thin section (Pl. 1, Figs. 2 and 3 ) and in diffraction analysis (3.18-A peak) . In samples from lithologic Unit 5, plagioclase is partly altered to potassium feldspar, especially in the outer rims. In Sample 418A-39-1, 72-76 cm, incipient alteration of plagioclase to a K-rich phase (potassium feldspar) and loss of Ca were observed using spectral analysis (Pl. 5, Figs. 1-3 ). Potassium feldspar was observed in almost every thin section from lithologic Unit 5 as a pale yellow alteration of plagioclase phenocrysts. Its presence was confirmed in thin sections from this interval by . In some places plagioclase may be altered to a brown clay (Pl. 1, Fig. 3 ) that has a platy appearance under the SEM (Pl. 5, Fig. 4 ). This mineral may be a different phase from those discussed for veins, vesicle fillings, and olivine replacement but cannot be reliably distinguished on the basis of morphology. It is possibly a montmorillonite because it is forming in a more Al-rich environment than the other clays, but this is unsubstantiated by chemical analysis at this time.
DISCUSSION
K-Bearing Phases and NGT Log
The major phases contributing to the high K 2 0 readings on the NGT include potassium feldspar, palagonite, and K-rich clay. The brown clay with low K content presumably contributes little to the signal. The following is an estimate of the contribution of each of these phases to the NGT log for lithologic Unit 5.
Feldspar Contribution
Lithologic Unit 5 was estimated to have 8% plagioclase phenocrysts as an average, with a maximum of 15% (Table 1; Shipboard Scientific Parties, 1980) . A rough estimate is that as much as 25% of these phenocrysts has been altered to potassium feldspar. Thus, an average of approximately 2% of the rock (8% total plagioclase X 0.25 altered = 2% potassium feldspar) is now potassium feldspar. The maximum amount of potassium feldspar is about 4% of the rock (15% total plagioclase X 0.25 altered = 3.75% potassium feldspar). The measured content of K in potassium feldspar of Hole 418A basalt is 16%. The level of K in bulk rock should average 0.02 potassium feldspar volume x 16% K = 0.32% K, and have a maximum 0.04 potassium feldspar volume x 16% K = 0.64% K. Humphris et al. (1980) estimated that no more than 20% of the Hole 418A core was altered; however, lithologic Unit 5 is conspicuously more altered than the average of the core as a whole-perhaps 25%. The average K content of palagonite from 18 samples from DSDP Holes 417A, 417D, and 418A by three different workers is 1.46% K; the maximum level is 3.39% K. The palagonite contribution to the K signal should average 0.25 palagonite volume x 1.46% K = 0.36% K.
Palagonite Contribution
K-Rich Clay Contribution
The K-rich clay in veins and vesicles ("proto-celadonite" of Legs 51, 52, and 53) represents a small portion of the bulk rock-no more than 1% or 2%-but perhaps as much as 10% of breccias. An estimate of 2% will be used for lithologic Unit 5. In this calculation, the few zeolites with slightly higher K content are included. At 5.4% K content in K-rich clay, the contribution of clay to the K signal would be an average The K readings from the NGT log in this interval (lithologic Unit 5) varied from a minimum of 0.3% to a maximum of 1.5% K. According to these estimates, potassium feldspar accounts for roughly 40% of the K signal, palagonite for approximately 25% to 50%, and K-rich clay for approximately 15% to 30%. None of the phases occurring alone could account for the highest readings on the NGT log.
The amounts that each of these phases will contribute to NGT logs from other holes drilled in deep-sea basalt will vary depending on the type of alteration encountered at that location. Submarine weathering and alteration of basalts is extremely variable over a distance of a few kilometers, as illustrated by the results of DSDP Legs 51 to 53. The basalts recovered from nearby DSDP Hole 417A have undergone extensive oxidative alteration, which is observed on only a small scale at Hole 418A. The oxidized interval in Hole 418A is the same interval that gave high K readings on the NGT log. Potassium feldspar appears to be a late-stage phase formed in the process of submarine basalt weathering, as it is most abundant in the most altered basalts and least abundant in the freshest .
Pore-Fluid Evolution at DSDP Hole 418A: Evidence for Continuous and Discontinuous Stages
In all, three morphologic types of clay were seen with the SEM: (1) very small flakes, most around 1 ^m wide; (2) long laths, up to 5 ^m wide and 68 fim long; and (3) curly flakes up to 5 yum wide. Type 1, the very small flakes, is K-and Fe-rich. They were the first clays to form as indicated by their occurrence as the first lining of many cavity walls. Their formation occurred after an initial phase of iron oxidation. Fe oxide-hydroxides often precede the clays as linings of cavities (Pl. 1, . Olivine was dissolved after or during iron oxidation and before the first clays formed (Pl. 1, Fig. 5 , and Pl. 4, Fig. 1 ; see also Humphris et al., 1980; Pertsev and Rusinov, 1980; Mevel, 1980) . Type 1 clays correspond to the green clays of Table  2 . These clays were called "proto-celadonite" on DSDP Legs 51-53 because of K contents lower than the ideal for celadonite. Their color under the microscope is a light to bright green, grading to a dark green away from void walls as crystal size increases. They have a very fine, platy morphology similar to that reported for nontronite (Welton, 1984) . The basal spacings of this clay are similar to those of the Gar field, Washington, nontronite (laboratory standard) but somewhat larger than others reported for nontronite (JCPDS, 1980; Bischoff, 1972) . The cation content indicates that this clay is either partly tri-and partly dioctahedral or has Fe oxide-hydroxides in interlayer spaces. There may be some domain segregation, as Decarreau et al. (1987) observed in Ni-Fe-Mg smectites, with trioctahedral and dioctahedral domains within a continuous crystal lattice. The (060) reflections do not help to distinguish whether Fe-rich smectites are di-or trioctahedral (Russell and Clark, 1978) . The type 1 clays are tentatively identified as nontronite based on chemical analysis, morphology, deficiency in octahedral cations, and high K content, which is not characteristic of saponite.
Type 2 clay, the long laths, also occurs in various shades of green and yellow in thin section, usually from celadon-green to very dark green and often brown toward the centers of voids. These are always associated with type 1 clay and always occur in the centers of pore and vein fillings. This type is very low in potassium and richer in Mg, Al, and Ca than type 1 clay. It probably corresponds to the brown clays of Table 2 , which are most often identified as saponite. The morphology is similar to that reported for saponite (Honnorez et al., 1983) , although celadonite, nontronite, and Fe-saponite all occur as laths (Sudo et al., 1981; Mering and Oberlin, 1971) . The (001) spacings are similar to those reported for iron-rich saponite (Suquet et al., 1977; Thorez, 1976) . Higher-order basal peaks on several diffractograms are more indicative of saponite (JCPDS, 1980) . This clay may be saponite or it may be some Fe-rich smectite that is transitional between dioctahedral, ferric nontronite and trioctahedral, ferrous saponite. It is tentatively identified as saponite based on higher order basal spacings, lathy morphology, and low K content. At the centers of very large cavities, the saponite laths are modified to the thick plates of iddingsite (Pl. 1, Fig. 5, and Pl. 3, Fig. 5) .
Type 3 clay is almost always some shade of brown in thin section. This is the form that replaces plagioclase feldspar. From the results of Table 2 , it would appear that this form is lowest in K of the three clay types. It has not been observed in direct association with types 1 and 2 and is possibly a montmorillonite.
The different mineral phases, particularly types 1 and 2, cannot be distinguished on the basis of color and so cannot be quantified on this basis. Anderson and Stucki (1979) demonstrated that nontronite can be yellow, green, blue-green, or black, depending on the oxidation state and coordination number of its constituent iron. The radiating fibers of what is mostly saponite appear in thin section to be green, brown, or yellow. They are brown where later oxidation has altered saponite to iddingsite. The iddingsite is brown in thin section.
It is most significant that the type 1 clay becomes coarser in size toward the center of cavities (from less than 1 to 5 /tin) until it forms long laths in the centers of the larger veins, vesicles, and holes left by dissolved olivine (Pl. 1, Figs. 1, 4, and 5, and Pl. 4,  Fig. 4 ). There is a continuum of growth in the crystal, with an increase in size and a later change in morphology (Pl. 4, Figs. 2 and 4) . This morphologic change is accompanied by a continuous change in chemistry (Pl. 4, Figs. 3 and 5) marked by a decrease in the lattice charge and K content and an increase in Mg, Al, and Ca going from cavity walls to cavity centers. This smooth transition is also shown by the data of Humphris et al. (1980) . The type 1 clays may be celadonite, potassic nontronite, or perhaps mixed-layer nontronite-celadonite. The major difference between nontronite and celadonite is in the strength of the lattice charge developed by ionic substitution of Al and Fe +3 for Si in the tetrahedral layer, and of Mg and Fe + 2 for Fe + 3 in the octahedral layers (in addition to K content). Celadonite has the higher charge, and this charge is satisfied by interlayer K, which causes a collapse of 15-A spacings to 10 A. Nontronite is a potassiphilic smectite, which preferentially takes up potassium as an exchangeable cation; an increasingly K-rich series leads to celadonite (Velde, 1985) . Whether celadonite s.s. actually forms first depends upon the availability of charge-generating substituting ions at the time of formation, which may depend upon the extent of Fe release and local redox potential during initial stages of Fe oxide-hydroxide formation. This initial stage of iron release is highly variable within the basalt pile, as indicated by the variable presence or absence of the iron oxide-hydroxide rim.
Whether celadonite, mixed-layer celadonite-nontronite, or potassic nontronite formed as the first clay mineral, the fluid from which it precipitated became increasingly depleted in K and Fe and increasingly enriched in Mg and Ca. The transition was not a step-wise, discontinuous process but smooth in its progression, which indicates a closed, evolving system. At some point after celadonite precipitated locally, there was not enough charge generated in the neoforming lattice, K levels in the fluid declined, and a fully expandable smectite phase formed. This clay is the dioctahedral nontronite. By this time the fluid was reducing or nearly so, as Harder (1978) was able to synthesize nontronite at low temperatures only from reducing solutions. As nontronite continued to form it was increasingly enriched in Al and Mg, which indicates that the ferric iron level in the fluid may control the lattice charge. Precipitation continued until some critical point was reached where K was very low and Mg was enriched, and the type 2 clay laths began to form. The larger crystal size of the laths indicates that the rate of precipitation decreased or that the growth of a few crystallites outpaced others. The type 2 clay is most likely Fe-saponite, a trioctahedral smectite. The iron in iron-rich saponite is ferrous, indicating that the fluid had become reducing during its evolution in the rock. Saponite, pyrite, calcite, and zeolites (Humphris et al., 1980) appear to be the end products of this evolved fluid.
At the very center of larger cavities, particularly in lithologic Unit 5 and Subunit 6A, the long saponite laths are oxidized to iddingsite. This indicates that fresh, or at least oxidizing, fluid moved through the basalt at a later time. The transformation of nontronite or saponite into iddingsite releases silica, which explains the fact that quartz and chalcedony appear among the last-forming phases in this interval (Humphris et al., 1980) . This new fluid had enough K that plagioclase in this interval was altered to potassium feldspar. This accounts for the occurrence of most of the potassium feldspar in the oxidized interval (see also Humphris et al., 1980; Pertsev and Rusinov, 1980) . The release of Ca from plagioclase and saponite could allow a second stage of calcite to form.
The second stage of oxidative alteration is confined to zones of high permeability: the breccia of lithologic Subunit 6A and a breccia-pillow basalt of lithologic Unit 5. In addition, Humphris et al. (1980) observed another zone of secondary alteration, as indicated by the presence of iron oxide-hydroxides and high K 2 0 content, from 667 to 725 mbsf. The NGT log shows slightly elevated K levels in this interval (Fig. 2) . The lower part of this interval has several brecciated layers. These intervals must have served as conduits for a freshened supply of some oxidizing fluid.
SUMMARY AND CONCLUSIONS
High K readings observed on wireline logs run in basement can be attributed to extensive low-temperature oxidative alteration in general. Where these readings are accompanied by high porosity, low density, and low velocity readings, a breccia (Broglia and Moos, this volume) with a once-glassy matrix largely altered to K-rich clays (celadonite and/or potassic nontronite) may be inferred. These are products of an initial stage of low-temperature oxidative alteration. Where porosity, density, and velocity readings indicate no breccia, high K readings may be attributed to potassium feldspar occurrence, an indicator of a second stage of oxidative alteration. In either case there is a significant contribution to the K reading from palagonite.
The sequence of weathering in Hole 418A basalts as originally proposed by Humphris et al. (1980) , Pertsev and Mevel (1980) is corroborated by the results of this study, with the additional observations that the initial K-rich clay mineral may be anything from celadonite through a mixed-layer celadonite/nontronite to a potassic nontronite and that the precipitated phases form a continuum in chemical content from an initial dioctahedral K-and Fe +3 -rich phase through intermediate Mg > Al » Ca (as inter layer cation) phases, ending with a Mg-Fe +2 trioctahedral saponite. The phases are so continuous in SEM observation that physical separation may not be possible. This will affect not only XRD and chemical determinations of even the most carefully separated cavity-filling clay but will influence oxygen isotope and other data as well. The mineralogic and chemical continuum indicates that initially, an oxidizing fluid entered the basalt and then evolved in a closed system. The evolution of the fluid was marked by (1) decreasing oxygen, K, and total Fe levels and (2) increasing Mg, Ca, and Al levels. In addition, a second stage of initially oxidative alteration in lithologic Unit 5 and Subunit 6A is indicated by the occurrence of iddingsite, an oxidized alteration product of saponite consisting of an intimate mixture of saponite and goethite. Potassium feldspar is associated with the oxidized zones in this core, and therefore, is most likely a product of the second stage of alteration.
SUMMARY OF THE SEQUENCE OF BASALT ALTERATION IN DSDP HOLE 418A
Plate 3. SEM photomicrographs of Sample 418A-34-2, 2-4 cm, fracture mount. 1. Radiating masses of laths of saponite fill a large fracture, with alteration of laths to platy iddingsite at center of micrograph. 2. Higher magnification of Figure 1 showing smooth transition of laths to very finegrained material upper left. 
